Animals defend themselves against invading pathogenic micro-organisms by utilizing cationic anti-microbial peptides, which rapidly kill various micro-organisms without exerting toxicity against the host. Physicochemical peptide-lipid interactions provide attractive mechanisms for innate immunity. Many of these peptides form amphipathic secondary structures (a-helices and bsheets) which can selectively interact with anionic bacterial membranes by electrostatic interaction. Rapid, peptide-induced membrane permeabilization is an effective mechanism of anti-microbial action. Magainin 2 from frog skin forms a dynamic peptide-lipid supramolecular-complex pore that allows mutually coupled transmembrane transport of ions and lipids. The peptide molecule is internalized upon the disintegration of the pore. Several anti-microbial peptides are known to work synergistically.
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What are anti-microbial peptides?
Over the last decade, a large number of antimicrobial peptides have been discovered in animals as well as plants [l-71. These molecules, which are either constitutive or inducible, are recognized as important components of innate defence mechanisms and are present on mucosal surfaces, on the body surface and within the granules of phagocytes. Representative examples are summarized in Table 1 . These peptides, typically composed of 12-45 amino acid residues, are amphipathic and highly basic.
How do anti-microbial peptides discriminate between bacteria and host?
These peptides with cationic amphipathic secondary structures show high affinities for bacterial membranes, which are negatively charged, with lipopolysaccharides for outer membranes, and anionic phospholipids, such as phosphatidylglycerol and cardiolipin, for cytoplasmic membranes. In contrast, the outer leaflets of mammalian cell membranes are mainly composed of zwitterionic phospholipids, such as phosphatidylcholine and Table I Representative membrane-acting anti-microbial peptides sphingomyelin, for which the affinities of the antimicrobial peptides are generally low because of the peptides' low hydrophobicity [8-141.
Another major difference in chemical composition of membranes between prokaryotic and eukaryotic cells is that the latter are abundant in sterols, although some prokaryotes contain sterols or hepanoids, which are similar to sterols. The presence of membrane-stabilizing cholesterol has been shown to protect human erythrocytes from attack by magainin 2 [ 121.
How do anti-microbial peptides kill bacteria?
These peptides are considered to kill bacteria by permeabilizing and/or disrupting bacterial mem- The incorporation of 'aliens' causes stress in the lipid bilayer, leading to membrane perturbation. When the unfavourable energy reaches a threshold, the membrane's barrier property becomes lost, which is the basis of the anti-microbial 
Why are peptide-lipid interactions utilized for self defence?
Host defence based on peptide-lipid interactions is a reasonable mechanism from various viewpoints (Figure 2) . Cationic peptides target cellsurface anionic lipids that are abundant in and exclusive to micro-organisms. This simple electrostatic discrimination provides selective toxicity The physicochemical mechanisms (line 2) on the cell surface (line I) contribute to rapid killing of bacteria and to prevention of resistance development because resistance mechanisms such as enzymic degradation or export processes will not circumvent the anti-microbial action (line 3). Development of resistance is difficutt because the target molecules (anionic lipids) are important components conserved among micro-organisms (line 4). The simple electrostatic discrimination provides selective toxicity (line 5) as well as broad-spectrum anti-microbial activities (line 6). To avoid toxicity, the membrane-permeabilizing mechanisms are so designed as to work only at higher peptide-to-lipid ratios (line 7). Highly specific interactions could be obviated by mutation. The amphipathic peptides can weakly bind to host cell membranes through hydrophobic interactions. T o avoid toxicity, the membrane-permeabilizing mechanisms are so designed as to work only at higher peptide-to-lipid ratios (Figure 2, line 7) . The physicochemical mechanisms (Figure 2 , line 2) on the cell surface (Figure 2 , line 1) contribute to rapid killing of bacteria and to prevention of resistance development because resistance mechanisms such as enzymic degradation or export processes will not circumvent the anti-microbial action.
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~ ~~~ lipids, mainly dipalmitoylphosphatidylcholine (DPPC). Surfactant protein C (SP-C) constitutes 1-2% of the surfactant mass, and is one of the most hydrophobic peptides yet isolated. SP-C residues 9-34 form an a-helix with a central polyvaline segment, which perfectly matches the thickness of a fluid DPPC bilayer. The palmitoyl groups linked to Cys-5 and Cys-6 of SP-C increase the capacity of the peptide to promote lipid adsorption at an air/liquid interface, and augment
